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DRIVING CIRCUIT FOR VACUUM
FLUORESCENT DISPLAY

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of priority to Japanese
Patent Application Nos. 2003-86466 and 2003-86465 both

filed Mar. 26, 2003, contents thereol being incorporated
herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a driving circuit for a
vacuum ftluorescent display.

2. Description of the Related Art

A vacuum fluorescent display (hereinafter, referred to as
“VFD”) 1s a display device of a selif-illuminating type for
displaying a desired pattern by causing a direct-heating type
cathode called a filament to emit thermoelectrons by causing
it to generate heat by applying a voltage thereto 1n a vacuum
chamber and by causing the thermoelectrons to collide
against fluorescent material on an anode (segment) electrode
and causing them to i1lluminate, by accelerating the thermo-
clectrons using a grid electrode. VFDs have excellent fea-
tures 1 terms of visibility, multi-coloring, low operating,
voltage, reliability (environmental resistance) etc. and are
used 1n various applications and fields such as cars, home
appliances and consumer products.

Here, for a VFD, 1n the case where a short circuit or
wire-breaking has occurred to the filament or its wiring,
where a short circuit has occurred between the wiring of the
filament and the wiring of another electrode(such as the
anode electrode or the grid electrode) or where an element
for driving the filament has had a failure, there arises risk of
causing damage to the filament or 1gnition of the filament
when the abnormal state of the filament 1s left as it 1s.

Therefore, a mechanism for detecting immediately such an
abnormal state of the filament 1s sought for the VFD.

FIG. 9 illustrates a conventional mechanism for detecting,
an abnormal state of a filament voltage applied to a filament
11 as one of the mechanisms as described above. The figure
shows an example in which, as a scheme for applying a
voltage to the filament 11, “pulse-driving scheme”™ 1n which
a pulse voltage (hereinaiter, referred to as “filament pulse
voltages™) produced by chopping a considerably higher DC
voltage compared to the ordinary nominal voltage of the
filament 1s applied 1s employed. That 1s, 1n the pulse-driving
scheme, the progress of the damage to or the ignition of the
filament 11 1s faster compared to that in other schemes (such
as DC-driving scheme and AC-driving scheme) 1n case an
abnormal state such as that the filament pulse voltage 1s fixed
to the higher potential side has occurred. Therefore, it 1s
important to detect immediately the abnormal state of the
filament pulse voltage.

In FIG. 9, an external controller 40 such as a microcom-
puter outputs a pulse-driving signal with a duty ratio set at
a desired ratio to a filament driving circuit 110. Then, the
fillament driving circuit 110 generates a filament pulse volt-
age from a power source for the filament 11 by a switching
operation based on the pulse-driving signal received from
the external controller 40, and applies the filament pulse
voltage to the filament 11.

Here, the external controller 40 comprises a detecting unit
for detecting, for example, the pulse width or the voltage
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level of the filament pulse voltage for the filament pulse
voltage applied to the filament 11.

The external controller 40 executes feed back control 1n
which the settings of the duty ratio of the pulse-driving
signal that the external controller 40 outputs to the filament
driving circuit 110 are adjusted in response to the pulse
width or the voltage level of the filament pulse voltage
detected by the detecting unit.

The mechanism described above 1s disclosed 1n, for

example, Japanese Patent Application Laid-Open Publica-
tion No. 2002-108263.

In the conventional mechanism for detecting an abnormal
state of the filament pulse voltage, the external controller 40
detects the pulse width or the voltage level of the filament
pulse voltage and desired feedback control 1s executed to the
filament pulse voltage 1n response to the detected values.
However, this 1s also a factor for increasing the load of
processing on the external controller 40. Furthermore, the
external controller 40 has a problem that 1t needs consider-
able time from the moment at which it detects an abnormal
state of the filament pulse voltage to the moment at which it
executes a predetermined response (for example, turning ol
the power of the filament driving circuit 110), due to the
increase of the load of processing in 1tself and, therefore,
leads to the damage or the ignition of the filament 11.

SUMMARY OF THE INVENTION

In order to solve the above problems, a major aspect of the
present invention provides a driving circuit for a vacuum
fluorescent display for pulse-driving a filament of the
vacuum fluorescent display with a pulse voltage, comprising
a detecting unit for detecting that the level of the pulse
voltage 1s fixed, the detecting unit outputting a detection
signal indicative of the result of the detection. Preferably, the
driving circuit for a vacuum fluorescent display comprises a
orid driving unit for driving a grid electrode of the vacuum
fluorescent display and a segment driving unit for driving a
segment electrode of the vacuum fluorescent display. The
driving circuit may further comprise a control unit for
controlling at least one output of the outputs of the filament
driving unit, the grid driving unit and the segment driving
unit in order to terminate the driving of at least one of the
filament, the grid electrode and the segment electrode, based
on the detection signal.

According to the mvention, 1t 1s possible to provide a
driving circuit for a vacuum fluorescent display that
improves the reliability of the vacuum fluorescent display.

The other features of the present invention will become
clear from the descriptions of this specification and the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other features, aspects and advantages of
the invention will be understood more clearly with reference
to the following description, appended claims and the
attached drawings 1n which;

FIG. 1 shows a schematic composition of a system
including a driving circuit for a vacuum fluorescent display
according to an embodiment of the imnvention;

FIG. 2 shows a timing chart for the data transfer format
used between an external controller and the driving circuit
for a vacuum fluorescent display according to an embodi-
ment of the invention;
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FIG. 3 shows a block diagram of the driving circuit for a
vacuum fluorescent display according to an embodiment of
the 1nvention;

FIG. 4 shows a circuit composition diagram of an abnor-
mal-state detecting umt according to an embodiment of the
invention;

FIG. 5 shows a timing chart for illustrating the operation
of a pulse detecting umit according to an embodiment of the
invention;

FIG. 6 shows a timing chart for illustrating the operation
of a level detecting unit according to an embodiment of the
imnvention;

FIG. 7 shows a block diagram of a grid driver or a
segment driver according to an embodiment of the mven-
tion;

FIG. 8 shows a block diagram of a filament pulse control
unit according to an embodiment of the invention; and

FI1G. 9 1llustrates a conventional mechanism for detecting,
an abnormal state of the filament pulse voltage.

DETAILED DESCRIPTION OF TH.
INVENTION

L1

Embodiments of the mnvention will now be described in
detail referring to the accompanying drawings.

<System Composition>

FIG. 1 shows a schematic composition of a system
including a driving circuit for a vacuum fluorescent display
20 according to an embodiment of the invention. In the VFD
driving circuit 20 shown in the figure, “pulse-driving
scheme™ 1s employed as the scheme for applying a voltage
to the filament 11. The pulse-driving scheme” 1s a scheme in
which a pulse voltage (hereinafter, referred to as “filament
pulse voltage™) produced by chopping a considerably higher
DC voltage compared to the ordinary nominal voltage of the
filament 11 1s applied to the filament 11.

The VFD driving circuit 20 employs “dynamic driving
scheme” driving a grid electrode 12 and a segment electrode
13 and the number of display digits by the grid electrode 12
1s set at two (2) (this form of the grid electrode 12 1s referred
to as “V2 duty”). The segment number 1s set at “90”. The
VFED driving circuit 20 according to an embodiment of the
invention 1s not limited to those with the above-described
number of grids (two-column) and the number of segments
(90 segments), and the grid electrode 12 and the segment
clectrode 13 may be drniven in a driving scheme 1n which
cither of the dynamic driving scheme or static driving
scheme 1s combined. For example, in the case where the
static driving scheme 1s employed, all of the column display
1s executed by the segment electrodes 13 of the number same
as the number of the segments and one grid electrode 12. In
this case, a constant voltage (grid voltage) 1s applied to the
one grid electrode 12.

The overview of the dynamic driving scheme and the
static driving scheme described above are described 1n, for
example, “Display Technologies Series: Vacuum Fluores-
cent Displays 8. 2 The Basic Driving Circuits (pp. 154-
158), Sangyo Tosho.

As to the peripheral circuitry of the VFD driving circuit
20, a VFD 10, an external oscillator 30, the external con-
troller 40, a switching element 50, a low-pass filter 60 and
a switch unit 70 will be described one by one.

The VFD 10 comprises the filament 11, the grid electrode
12 and the segment (anode) electrode 13. The filament 11 1s
heated by application of a filament pulse voltage based on
the pulse driving scheme through the switching element 30,
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4

and emits thermoelectrons. The grid electrode 12 acts as an
clectrode for selecting columns and accelerates or blocks the
thermoelectrons emitted by the filament 11. The segment
clectrode 13 acts as an electrode for selecting a segment.
However, fluorescent material 1s applied on the surface of
the segment electrode 13 1n a shape of the pattern to be
displayed, and a desired pattern 1s displayed by causing the
fluorescent material to i1lluminate by causing the thermo-
clectrons accelerated by the grid electrode 12 to collide
against the fluorescent material.

Furthermore, in the VFD 10, a lead 1s drawn out inde-
pendently for each column respectively from the grid elec-
trode 12 while a lead for which segments corresponding to
cach column are internally connected with each other is
drawn out from the segment electrode 13. These leads drawn
from the grid electrode 12 and the segment electrode 13 are
connected respectively with corresponding output terminals
of the VPD drniving circuit 20 (grid output terminals are
(G1-G2 and segment output terminals are S1-S45).

An external oscillator 30 1s an RC oscillator comprising a
resistor R, a capacitance element C etc. and constitutes an
RC oscillation circuit by being connected with oscillator
terminals (OSCI terminal, OSCO terminal) of the VFD
driving circuit 20. The external oscillator 30 may by a
quartz-crystal oscillator or ceramic vibrator each having a
specific oscillation frequency and a crystal as a self-driving
oscillation unit or a ceramic oscillation circuit may by
composed. Furthermore, the external oscillator 30 may be an
externally-driven oscillating umt providing a clock signal
for externally-driven oscillation to the VFD drniving circuit
20.

The external controller 40 1s an apparatus such as a
micro-computer not containing any VFD driving element,
and 1s connected with the VFD driving circuit 20 through
data bus for transferring serial data, and transmits signals
necessary for driving the VEFD 10 to the VFD driving circuit
20 1n a predetermined data transfer format. The data transfer
between the external controller 40 and the VFD driving
circuit 20 1s not limited to the serial data transter described
above and may be parallel data transfer.

The switching element 50 1s a P-channel MOS-type FET
and 1ts gate terminal 1s connected with an FPCON terminal
of the VFD driving circuit 20, outputting the pulse driving
signal described later. The switching element 50 1s not
limited to the P-channel MOS-type FET and, for example,
an N-channel MOS-type FET may be used and, 1n addition,
a composition i which an N-channel MOS-type FET and a
P-channel MOS-type FET are combined may be used.
Furthermore, the switching element 50 generates the fila-
ment pulse voltage to be applied to the filament 11 of the
VED 10 from a filament power voltage VFL by executing
ON/OFF operation 1n response to the pulse driving signal
provided from an FPCON terminal of the VFD driving
circuit 20.

An FPR terminal of the VFD driving circuit 20 shown 1n
FIG. 1 1s an mput terminal for setting the polarity of the
pulse driving signal outputted from an FPCON terminal in
response to the iput/output property of the switching ele-
ment 50 and, for example, as shown 1n FIG. 1, in the case
where a P-channel MOS-type FET 1s employed as the
switching element 50, the FPR terminal 1s connected with a
power voltage VDD (“H”-fixed). In addition, in the case
where an N-channel MOS-type FET 1s employed as the
switching element 50, the FPR terminal 1s connected with
ground (“L”-fixed).

The low-pass filter 60 1s an RC integrating circuit com-
prising a resistor R and a capacitance element C, and its
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input 1s connected with an output terminal for the filament
pulse voltage of the switching element 50 and 1ts output 1s
connected with a DETIN terminal of the VFD driving circuit
20. As the resistance R and the capacitance element C
constituting the low-pass filter 60, elements having nominal
values large enough for integrating the filament pulse volt-
age and rectifying the resultant voltage into a DC voltage are
used. That 1s, the low-pass filter 60 1s a unit which, when the
filament pulse voltage produced by the switching element 50
has been 1nputted 1nto 1t, produces a voltage which has been
rectified into a DC voltage by integrating the filament pulse
voltage, and inputs the produced voltage into the DETIN
terminal of the VFD driving circuit 20.

Furthermore, the low-pass filter 60 1s an external circuit to
the VFD dniving circuit 20, necessary for a level detecting
unit described later, and 1s not necessary for a pulse detect-
ing unit also described later. Then, in the case where the
pulse detecting unit described later 1s used, the low-pass
filter 60 1s removed and the filament pulse voltage produced

by the switching element 50 may be arranged to be mputted
into the DETIN terminal of the VFD driving circuit 20.

Otherwise, as shown in the FIG. 1, the system may be
arranged to comprise the switch unit 70 connected 1n parallel
to a resistor of the low-pass filter 60 (or the low-pass filter
60 1tsell) and, 1n the case where the pulse detecting unit
described later 1s used, to operate the switch unit 70 such that
the resistor of the low-pass filter 60 1s short-circuited (or the
low-pass filter itself 1s short-circuited). In this case, the
control signal to operate the switch unit 70 may be arranged
to be supplied directly from the external controller 40 to the

switch unit 70 or from the external controller 40 to the
switch unit 70 through the VFD driving circuit 20.

FIG. 2 shows a timing chart for a data transier format
between the external controller 40 and the VFD driving
circuit 20. As shown in the figure, the data transfer format
has a sequence relating to a grid electrode GI (hereinafter,
referred to as “G1 sequence™) and a sequence relating to a
orid electrode G2 (heremafter, referred to as “G2
sequence”). The data transfer format 1s not limited to the
tormat described above and both of the G1 sequence and the
(G2 sequence may be executed at one time.

The G1 sequence and the G2 sequence will be described
schematically.

First, 1n the G1 sequence, the external controller 40
transmits to the VFD driving circuit 20 a bus address (8 bits)
given to the VPD drniving circuit 20 together with a syn-
chronmizing clock signal CL. The VFD driving circuit 20
identifies whether the received address 1s the bus address
given to the circuit 20 itself or not. Then, when the circuit
20 1dentifies the bus address as the bus address given to the
circuit 20 1tself, the circuit 20 receives a control order
(control data etc. described later) transmaitted as attached to
the received bus address from the external controller 40 as
a control order to the circuit 20 itself. As described above,
a bus address 1s a specific address given to each respective
IC and 1s used for the external controller 40 to control a
plurality of ICs on the same bus line 1n an embodiment
where the external controller 40 and the plurality of ICs are
connected on the same bus line.

Next, the external controller 40 makes the VFD driving
circuit 20 be in an enable (selection) state by asserting
(putting at the H level) a chip enable signal CE and, then,
transmits 45-bit display data (ID1-D45) for the grid electrode
(g1, 16-bit control data used for each control of the VFD
driving circuit 20 etc. The 16-bit control data contains 10-bit

dimmer adjustment data (DMO0-DM9) as the data for adjust-
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6

ing the intensity of the VFD 10, and a grid identifier DD (for
example, “1” for a grid electrode G1 and “0” for a gnd
clectrode G2) efc.

Thereafter, the external controller 40 makes the VFD
driving circuit 20 be 1n a disable (non-selection) state by
negating (putting at an L level) the chip enable signal CE
and, concurrently, terminates the transmission of the syn-
chronizing clock signal CL, then, the G1 sequence 1s con-
cluded.

On the other hand, in the G2 sequence, 1n a same
procedure as that of the G1 sequence described above, 45-bit
display data (1D46-D90) relating to the grid electrode G2 are
transmitted. In the G2 sequence, as the control data trans-
mitted to the VFD driving circuit 20, ADS (Abnormal Detect
type Select) setting data described later 1s held.

<VFD Dnving Circuit>

FIG. 3 shows a block diagram of the VFD driving circuit
20 of the pulse driving scheme according to an embodiment
of the mvention.

The VFD driving circuit 20 comprises an interface unit
201, an oscillation circuit 202, a dividing circuit 203, a
timing generator 204, a shift register 203, a control register
206, a latch circuit 207, a multiplexer 208, a segment driver
209, a gnid dnver 210, a dimmer controlling unit 211, a
filament pulse controlling unit 212 and an abnormal-state
detection unit 213.

The mterface unit 201 1s an interface unit for transmitting/
receiving of data as shown in FIG. 2 with the external
controller 40.

The oscillation circuit 202 generates the reference clock
signal for the VFD driving circuit 20 by connecting the
external oscillator 30 with the terminals for oscillator
(OSCI, OSCO). This reference clock signal 1s divided into
a predetermined dividing number by the dividing circuit 203
and supplied to the timing generator 204. The frequency of
the reference clock signal (oscillation clock) 1s set 1n the
audible band or above such that no sound noise 1s generated
at the filament 11 and, concurrently, 1s set under a predeter-
mined upper limit frequency taking ito account the influ-
ence of the power consumption of the VFD dniving circuit
and radio noises.

The timing generator 204 outputs a signal (hereinatter,
referred to as “internal clock signal A”) for determining the
timing etc. ol a signal (heremnafter, referred to as “gnd
driving signal™) for driving the grid electrodes G1-G2 based
on the signal supplied from the dividing circuit 203, and a
signal (hereinafter, referred to as “internal clock signal B™)
for determinming the timing of a pulse driving signal
described later 1n the filament pulse controlling unit 212, etc.

The shift-register 205 converts 45-bit display data (D1-
D45 or D46-D90) and 16-bit control data (the dimmer
adjustment data (DM0-DM9) etc.) recerved by the interface
unmt 201 for respectively each of the G1 and G2 sequence
described above, into pulse data, and supplies the pulse data
to the control register 206, the latch circuit 207, a filament
pulse controlling unit 212 etc.

The control register 206 stores the 32-bit (16 bitsx2)
control data supplied from the shift register 205. The dim-
mer adjustment data (DM0-DM9) contained 1n the control
data are supplied to a dimmer control unit 211.

The latch circuit 207 holds the 45-bit display data (D1-
D435) relating to the grid electrode G1 and the 45-bit display
data (D46-1D90) relating to the grid electrode G2 supplied
from the shift register 2035. That 1s, the latch circuit 207 holds

90-bit display data (D1-D90) for each of the repetition
cycles relating to driving of the grid electrodes G1 and G2.
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A multiplexer 208 selects the 45-bit display data relating
to the grid electrode G1 or G2 which 1s to be driven among
the 90-bit display data (D1-D90) held by the latch circuit
207 and supplies them to a segment driver 209, at the timing
for driving each of the grid electrodes G1 and G2.

The segment driver 209 forms a signal for driving seg-
ment electrodes S1-S45 based on the 45-bit display data
selected and supplied by the multiplexer 208, and outputs 1t
to the segment electrodes S1-S45. The signal for dniving the
segment electrodes S1-S45 may be voltages to be applied to
the segment electrodes S1-S45 (hereinafter, referred to as
“segment voltage™) or a control signal to be supplied to a
driving element intervened between the segment driver 209
and the segment electrodes S1-S43 (hereinafter, the segment
voltage and the control signal are collectively referred to as
“segment driving signal™).

The grid driver 210 forms a gnid driving signal based on
the internal clock signal A supplied from the timing genera-
tor 204, and outputs 1t to the gnd electrodes G1-G2. The
signal for driving the grid electrodes G1-G2 may be voltages
to be applied to the grid electrodes G1-G2 (hereinafter,
referred to as “gnid electrode”) or a control signal to be
supplied to a dniving element intervened between the grid
driver 210 and the gnd electrodes G1-G2 (hereinafter, the
orid voltage and the control signal are collectively referred
to as “grnid driving signal™).

The dimmer controlling unit 211 makes the duty ratios of
the grid driving signal and the segment driving signal be
adjustable based on the dimmer adjustment data (DMO-
DM9) supplied from the control register 206.

The filament pulse controlling unit 212 forms the pulse
driving signal for pulse-driving the filament 11 based on the
internal clock signal B supplied from the timing generator
204 and outputs it to the switching element 50. The filament
pulse controlling unit 212 sets the polarity of the pulse
driving signal based on a signal supplied from the FPR
terminal.

The abnormal-state detection unit 213 detects that the
level of the filament pulse voltage 1s fixed and outputs an
abnormal-state detection signal indicating the detection
result. The level of this abnormal-state detection signal 1s set
at “1” when the filament pulse voltage 1s as usual and 1s set
at “0” when 1t 1s detected that the level of the filament pulse
voltage 1s fixed.

The VFD dnving circuit 20 has a BLK terminal for
making the VFD display available for being turned on, or for
being turned off. The BLK terminal 1s connected such that
it 1s supplied with data from the external controller 40. For
example, 1t 15 possible for each control unit to respectively
operate such that the above-described grid driving signal and
the segment driving signal are fixed at the L level and the
pulse driving signal 1s fixed at the H level, when 17 1s
supplied from the external controller 40 to the BLK termi-
nal, and to turn ofl the VFD display.

FIRST EMBODIMENT

==Abnormal-State Detecting Unit==

Referring to FIG. 4, the composition of the circuit of the
abnormal-state detecting umt 213 according to a {irst
embodiment of the invention will be described.

The abnormal-state detecting unit 213 has the pulse
detecting unit 80, the level detecting unit 90 and a selecting
unit 100 as shown in the figure.

The pulse detecting unit 80 detects that the level of the
filament pulse voltage 1s fixed based on the number of pulses
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per predetermined period TP of the filament pulse voltage
inputted from the DETIN terminal.

The level detecting unit 90 detects that the level of the
filament pulse voltage 1s fixed based on the level of the
DC-rectified voltage produced by integrating the filament
pulse voltage inputted from the DETIN terminal.

The level of the DC-rectified voltage 1s set within a low
range for which the duty ratio of the filament pulse voltage
1s 1n some “5-20%” because the amount of power supplied
to the filament 11 1s limited. Therefore, the level 1s set to be
lower than the maximum VILmax of the imput voltage
recognized as the L level in an IC (Integrated Circuit) 1n the
VFD driving circuit 20. That 1s, when the filament pulse
voltage 1s 1n a normal state, the level of the DC-rectified
voltage 1s recognized as the L level in the IC 1n the VFD
driving circuit 20.

The level of the DC-rectified voltage 1s higher than the
minimum VIHmin of the mput voltage that 1s recognized as
the H level in the IC 1n the VFD driving circuit 20 when an
abnormal state in which the filament pulse voltage 1s fixed
at the H level has been occurred, and 1s, therefore, recog-
nized to be at the H level.

In this manner, the level detecting unit 90 can detect that
the filament pulse voltage 1s fixed based on the level of the
DC-rectified voltage.

The selecting unit 100, for example, selects the output of
the level detecting unit 90 when ADS (Abnormal Detect
type Select) setting data indicates “0” and selects the output
of the pulse detecting unit 80 when 1t indicates “1”” based on
the ADS setting data contained i1n the control data of the
above-described G2 sequence received from the external
controller 40. Furthermore, the selecting unit 100 outputs the
output of the selected one of the level detecting unit 90 and
the pulse detecting unit 80, as an abnormal-state detection
signal. The abnormal-state detection signal 1s outputted from
a DO terminal to the external controller 40 as an abnormal-
state detecting flag ANF (for example, “1”” for a normal state
and “0” for an abnormal state).

In this manner, the VFD driving circuit 20 can reduce the
load of processing of the external controller 40 such as a
microcomputer. Furthermore, 1t 1s possible to detect imme-
diately that the level of the filament pulse voltage 1s fixed,
that 1s, an abnormal state of the filament pulse voltage.
Theretore, 1t 15 possible to improve the reliability of the VEFD
10 (especially, the reliability for the filament 11 of the VRD
10).

==Pulse Detecting Unit=—=

Referring to FIG. 4, the circuit composition of the pulse
detecting unit 80 according to an embodiment of the inven-
tion will be described.

The pulse detecting unit 80 comprises a {irst counting unit
801, a D-flip-flop 802 and an RS-flip-tlop 803.

The first counting unit 801 counts the pulses per prede-
termined period TP of the filament voltage inputted from the
DETIN terminal and outputs one of the levels (for example,
“1”) indicating that the level of the filament pulse voltage 1s
fixed when the number of pulses that 1t has counted equals
the reference number of the pulses PN or 1s lower. Further-
more, it outputs the other level (for example, “0”) indicating,
that the level of the filament voltage 1s in a normal state
when the number that 1s has counted exceeds the reference
number of the pulses PN.

The first counting unit 801 resets the counted number at
the timing at which a signal to specily the end of the
predetermined period TP (heremaftter, referred to as “internal
resetting signal (FIG. 5(B))”)rises. Here, the predetermined
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period TP 1s a period 1n which, for example, each of the grid
clectrodes G1 and G2 1s respectively driven. The reference
number of pulses PN 1s set at around nine (9) pulses
assuming the case where noise 1s counted.

D-tlip-flop 802 latches the output of the first counting unit
801 using the mternal resetting signal, and outputs it to the
RS-tlip-tlop 803 1n the next stage.

The RS-tlip-tlop 803.1s a unit for holding the output of the
D-tlip-tflop 802. The RS-flip-flop 803 sets the abnormal-state
detection signal when “1” 1s mputted into 1ts S terminal as
the output of the D-flip-flop 802. The state in which this
abnormal-state detection signal 1s set 1s held until a BLKIN
signal (a signal mputted from a BLK terminal) 1s mputted
into an R terminal. That 1s, the external controller 40
recognizes an abnormal state of the filament pulse voltage
and, as a form of a countermeasure against the abnormal
state, the abnormal-state detection signal 1s reset when “17
1s mputted into the BLK terminal to turn ofl the display of
the VED 10.

FIG. 5 1s a ttiming chart for illustrating the operation of the
pulse detecting unit 80. The figure shows the case where the
level of the filament pulse Voltage (FI1G. 5(C)) inputted from
the DETIN terminal at time t1 1n a time period for drlvmg
the grid electrode G1 (herematfter, referred to as “grid
clectrode G1 time period™) 1s assumed to be fixed at the H
level. During the time period from the time t0 to the time t1,
the number of the pulses of the filament pulse voltage (FIG.
5(C)) counted by the first counting unit 801 1s assumed to
equal or exceed the reference number of the pulses PN (nine
(9) pulses).

First, in the grid electrode G1 time period, as described
above, at the time t1, an abnormal state when the level of the
filament pulse voltage (FIG. 5(C)) 1s fixed at the H level
occurs. However, 1n the time period from the time t0 to the
time tl, the number of the pulses of the filament pulse
voltage (FIG. 5(C)) counted by the first counting unit 801
equals or exceeds the reference number of pulses PN (nine
(9) pulses). Therefore, the output of the first counting unit
801 has been switched from the 1nitial state of “1” to *“0” at
the time at which the internal resetting signal (FIG. 5(B))
rises for specifying the end of the grid electrode G1 time
period. Thus, 1n the D-tlip-flop 802 and the RS-flip-tlop 803,
“0” 1s latched by the rise (FIG. 5(B)) of the internal resetting
signal and, as a result, the abnormal-state detection signal
(FIG. 5(D)) 1s not reset.

Next, at the starting time 12 of a time period for driving
the grid electrode G2 (heremafter, referred to as “grid
clectrode G2 time period”), the number counted by the first
counting unit 801 1n the gnd electrode G1 time period 1s
reset and, concurrently, the number of pulses of the filament
pulse voltage (FI1G. 5(C)) 1s again counted. Here, the number
counted by the first counting unit 801 until the time at which
the internal reset signal (FIG. 5(B)) rises to specily the end
of the grid electrode G2 time period 1s “0” pulse according
to FIG. 5 (that 1s equal to or less than the reference number
of pulses PN). Therefore, the output of the first counting unit

801 remains to be “1”. Thus, “1”" 1s latched 1n the D-thp-flop
802 and the RS-flip-flop 803 by the rise of the internal
resetting signal (FIG. 5(B)) and, as a result, the abnormal-
state detection signal (FIG. 5(D)) 1s set.

The abnormal-state detection signal (FIG. 5(D)) 1s out-
putted to the external controller 40 from a DO terminal as an
abnormal-state detecting tlag ANF. Then, the case 1is
assumed where, at the time t5, the external controller 40
having read the abnormal-state detecting flag ANF outputs
“1” to the BLK terminal based on its determination that the
display of the VFD 10 should be turned off and initialized.
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In this case, the abnormal-state detection signal (FIG. 5(D))
1s reset. The process after the abnormal-state detecting flag
ANF has been read and an abnormal state 1s detected 1s that
the display of the VFD 10 may be mnitialized and turned on
again as described above, or the powers of the VFD driving
circuit 20 and the switching element 50 may be turned off
without doing anything before turning them off. The deci-
sion on this process 1s left to the external controller 40.
As described above, even when the filament pulse voltage
1s fixed at either H level or L level, the VFD driving circuit
20 can detect this situation by the pulse detecting unit 80.
Furthermore, since the pulse detecting unit 80 does not need
the low-pass filter 60 compared to the level detecting unit
90, the unit 80 has a ment that the number of parts therein

may be reduced.

==Level Detecting Unit==

Referring to FIG. 4, the circuit composition of the level
detecting unit 90 according to an embodiment of the inven-
tion will be described.

The level detecting unit 90 comprises a second counting,
unmit 901 and an RS-tlip-tlop 902.

The second counting unit 901 starts its counting operation
when the level of the DC-rectified voltage produced by
integrating the filament pulse voltage mputted from the
DETIN terminal 1s at a level (for example the H level)
indicating that the filament pulse voltage 1s fixed.

In addition, the second counting unit 901 counts the time
period 1 which the level of the DC-rectified voltage 1s at a
level (for example, the B level) indicating that the filament
pulse voltage 1s fixed, based on an internal clock signal CX
having a predetermined cycle TX. Then, the second counting
unit 901 outputs one level (for example, “17) indicating that
the filament pulse voltage 1s in an abnormal state when the
time period obtained by multiplying the counted number by
the cycle TX of the internal clock signal CX equals or
exceeds a predetermined time period TL (for example,
“408/3072=0.133” times as long as the time period for
which each of the gnid electrode G1 and G2 respectively 1s
driven).

On the other hand, when the time period obtained by
multiplying the counted number by the cycle TX is less than
the predetermined time period TL, the second counting unit
901 outputs the other level (for example, “0”) indicating that
the filament pulse voltage 1s 1n a normal state. The counted
number 1s reset when the level of the DC-rectified voltage 1s
at a level (or example, the L level) indicating that the
filament pulse voltage 1s 1n the normal state.

The RS-flip-tlop 902 1s a unit for holding the output of the
second counting unit 901. Similarly to the above described
RS-tlip-tlop 803 of the pulse detecting unit 80, the RS-flip-
flop 902 sets an abnormal-state detection signal when 17 1s
inputted into 1ts S terminal as the output of the second
counting unit 901. The state 1n which this abnormal detec-
tion signal 1s set 1s held until the BLKIN signal 1s mputted
into 1ts R terminal.

FIG. 6 shows a timing chart for 1llustrating the operation
of the level detecting unit 90. Here, a case where the filament
pulse voltage (FIG. 6(B)) inputted from the DETIN terminal
at the time t1 1s fixed at the H level 1s assumed.

First, for a time period from the time to to the time t1, the
level of the DC-rectified voltage (FIG. 6(C)) 1s at the L level
indicating that the filament pulse voltage (FIG. 6(B)) i1s 1n
the normal state. Therefore, the second counting unit 901
does not start its counting operation. Therefore, the RS-flip-
flop 902 also does not operate and the abnormal-state
detection signal (FIG. 6(D)) 1s not set.
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Next, at the time t1, the level of the filament pulse voltage
(FIG. 6(B) ) 1s fixed at the H level and, concurrently, the
level of the DC-rectified voltage 1s fixed at the H level
indicating that the filament pulse voltage (FIG. 6(B)) 1s in an
abnormal state. Here, the second counting unit 901 starts 1ts
counting operation for counting the time period for which
the level of the DC-rectified voltage (FIG. 6(C)) 1s at H
level, based on the internal clock signal CX having the
predetermined cycle TX.

Next, at the time t2, since the number having been
counted since the time t1 by the second counting unit 901
equals or exceeds the reference counting number (177 for
the circuit example shown 1n FIG. 4) corresponding to the
predetermined time period TL, the second counting unit 901
outputs “1” indicating that the filament pulse voltage 1s 1n an
abnormal state. This output of the second counting unit 901
1s mnputted into the S terminal of the RS-tlip-tlop 902 and, as
a result, the abnormal-state detection signal (FIG. 6(D)) 1s
set.

The abnormal-state detection signal (FIG. 6(D)) 1s out-
putted from the DO terminal to the external controller 40 as
the abnormal-state detecting flag ANF. Then, the case 1s
assumed where, at the time t3, the external controller 40
having read the abnormal-state detecting flag ANF outputs
“1” to the BLK terminal based on its determination that the
display of the VFD 10 should be turned off and imitialized.
In this case, the abnormal-state detection signal (FIG. 6(D))
1s reset. The process after the abnormal-state detecting flag
ANF has been read and an abnormal state 1s detected 1s that
the display of the VFD 10 may by initialized and turned on
again as described above, or the powers of the VFD drniving
circuit 20 and the switching element 50 may be turned off
without doing anything before turning them ofl. The deci-
sion on this process 1s completely left to the external
controller 40.

As described above, the VFD driving circuit 20 can detect
that the level of the filament pulse voltage 1s fixed by having,
the pulse detecting unit 80. Furthermore, 1t can also detect
that the filament pulse voltage has an ordinary duty ratio of
“35-20%".

In the embodiment described above, the VFD dniving
circuit 20 may set the abnormal-state detection signal when,
in the pulse detecting unit 80, the number of pulses of the
filament pulse voltage per predetermined time period TP 1s
equal to or exceeds the defined pulse number (for example,
the predetermined time period TP/the cycle of the reference
clock signal).

For example, the case 1s assumed, where the number of
pulses of the filament pulse voltage per predetermined time
period TP 1s equal to or exceeds the defined pulse number
because of the case where pulse-like noises being out of
phase are multiplexed on the filament pulse voltage. Then,
the VFD driving circuit 20 according to this embodiment of
the invention can determine and detect that the filament
pulse voltage 1s fixed when the number of pulses of the
filament pulse voltage per predetermined time period TP 1s
equal to or exceeds the defined pulse number.

Furthermore, 1n the embodiment described above, the
VFED driving circuit 20 may comprise only either one of the
pulse detecting unit 80 or the level detecting unit 90.
Otherwise, the circuit 20 may operate the pulse detecting
unit 80 and the level detecting unit 90 1n turns employing a
time-division system.

Yet turthermore, 1n the embodiment described above, the
switching element 50 may be provided to various applica-
tion circuits using the VFD driving circuit 20 (for example,
a vacuum fluorescent display module). Preferably, the VFD
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driving circuit 20 may be a semiconductor mtegrated circuit
and the switching element 50 may be connectable externally.
Otherwise, the circuit 20 may be a semiconductor integrated
circuit embedded with the switching elements 50 that are
integrated.

In the embodiment described above, when operating the
level detection unit 90, the low-pass filter 60 may be
provided 1n various application circuits (for example, a
vacuum tluorescent display module) using the VFD driving
circuit 20. Preferably, the VFD driving circuit 20 may be a
semiconductor integrated circuit and the low-pass filter 60
may be connectable externally. Otherwise, the circuit 20
may be a semiconductor imntegrated circuit embedded with
the low-pass filters 60 that are integrated.

SECOND

EMBODIMENT

The VFD dnving circuit 20 according to a second
embodiment of the invention controls the output(s) of at
least one of the segment driver 209, a grid driver 210 and the
filament pulse controlling unit 212 to terminate driving of at
least one of the segment electrode 13, the grid electrode 12
and filament 11 based on the output of the abnormal-state
detecting unit 213 (abnormal-state detection signal).

The operation of the segment driver 209, the grid driver
210 and the filament pulse controlling unit 212 to be
controlled as described above will be respectively described.

===Control of the Output of the Grid Driver or the Segment
Driver=—=

Referring to FIG. 7, the operation of the segment driver
209 or the gnd dniver 210 based on the abnormal-state
detection signal (the output of the abnormal-state detecting
unit 213) will be described. In the following, description of
the grid driver 210 execu’[mg the same operation as that of
the segment driver 209 1s omuitted.

As shown 1n the figure, the segment driver 209 has a level
shift unit 120, an mverter unit 130 and a dniving signal
output unit 140. In addition to the components described
above, the segment driver 209 has a unit (not shown) for
producing a signal SX for driving the segment electrode 13
based on the display data (ID1-D90) selected and supplied by
the multiplexer 208. The producing unit described above
sets the level of the signal SX at “0” when the level of the
abnormal-state detection signal as the output of the abnor-
mal-state detecting unmit 213 1s “0”, 1.e., the level of the
filament pulse voltage 1s fixed.

The level shift unit 120 outputs to the mverter umt 130 a
signal produced by shifting the level of the signal SX from
the level of the power voltage VDD for internal operation of
the VFD driving circuit 20 to a level corresponding to the
power voltage VFL for driving the filament 11.

The inverter unit 130 1inverts the polarity of the signal SX
inputted from the level shifter unit 120 and outputs the
inverted signal to the driving signal output unit 140.

The driving signal output unit 140 has a composition 1n
which a resistive element 1s connected between a P-channel
MOS-type FET and an N-channel MOS-type FET and
outputs the segment driving signal from a terminal of the

resistive element on the side of the P-channel MOS-type
FET.

Here, the gate terminal of the N-channel MOS-type FET
1s inputted with the abnormal-state detection signal as the
output of the abnormal-state detecting unit 213. Therefore,
the N-channel MOS-type FET 1s turned on when the level of
the abnormal-state detection signal 1s at “1” (1.e., the normal
state) and 1s turned off when the level of the abnormal-state
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detection signal 1s at “0” (1.e., when 1t has been detected that
the level of the filament voltage 1s fixed).

On the other hand, the output signal of the inverted 130
1s inputted into the gate terminal of the P-channel MOS-type
FET. Therefore, the P-channel MOS-type FET 1s switched
between on/ofl states in response to the level of the signal
produced from the signal SX by mverting 1ts polarity in the
iverting unit 130. When the level of the abnormal-state
detection signal 1s at “0”, the P-channel MOS-type FET 1s
turned ofl because “1”, obtained by mverting the level of the
signal SX, “0” through the inverter unit 130 1s inputted nto
the gate terminal of the P-channel MOS-type FET.

That 1s, when 1t 1s detected in the abnormal-state detecting,
unit 213 that the filament pulse voltage 1s fixed, the driving
signal outputting unit 140 can turn both of the P-channel
MOS-type FET and the N-channel MOS-type FET off and
the level of the segment driving signal can be 1n a high-
impedance state.

In this manner, the VFD dniving circuit 20 makes at least
one of levels of the grid driving signal and the segment
driving signal be high-impedance state as a process for
abnormal-state detection when the level of the filament pulse
voltage 1s fixed by an abnormal state of the grid voltage or
the segment voltage by short-circuiting the wiring of the grid
clectrode 12 or the segment element 13 to the filament 11 or
its wiring. Here, such a process for abnormal-state detection
can be executed immediately 1n the VFD driving circuit 20
because no process by the external controller 40 intervenes
as conventionally. That 1s, the VFD driving circuit 20 can
execute immediately the process for abnormal-state detec-
tion, therefore, the progress of damage or ignition of the
filament can be suppressed. Furthermore, the reliability of
the VFD 10, especially, the reliability of the filament 11 of
the VFD 10 can be improved.

The segment driver 209 (or the grid driver 210) may
output the segment driving signal (or the grid driving signal)
that 1s at the level (for example, the L level) of the side
terminating the driving of the segment electrode 13 (or the
orid electrode 12) when 1t 1s detected that the filament pulse
voltage has been fixed. Here, 1n order to make the segment
driving signal (or the segment driving signal) be at the L
level, for example, the N-channel MOS-type FET may be set

in the ON state always in the driving signal outputting unit
140.

=—=Control of the Output of the Filament Pulse Control
Unit=—=
Referring to FIG. 8, the operation of the filament pulse

controlling unit 212 based on the abnormal-state detection

signal (the output of the abnormal-state detection unit 213)
will be described.

The filament pulse controlling unit 212 comprises a pulse
driving signal generation unit 22, a pulse driving signal
polarity setting unit 23 etc.

The pulse driving signal generation unit 22 forms a signal
(heremaftter, referred to as “pulse driving signal”) for pulse-
driving the filament 11 having a predetermined duty ratio

(pulse width/pulse cycle) based on an internal clock signal
B supplied from a timing generation unit 204.

The pulse driving signal generation unit 22 has a com-
position (not shown) having, for example, a counting unit
for executing counting operation for every time period of a
predetermined pulse cycle based on the internal clock signal
B, a comparing unit for comparing the count value as the
output of the counting unit with the count value correspond-
ing to the predetermined pulse width, and an edge forming
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unit for forming the edge of the pulse driving signal based
on the output of the counting unit and the comparing unit.

Furthermore, the pulse driving signal generating unit 22 1s
inputted with the abnormal-state detection signal as the
output of the abnormal-state detecting unit 213 and controls
the level of the pulse driving signal such that the level 1s set
at a level (the H level 1n the figure) for which the switching
clement 50 1s turned ofl when the level of the abnormal-state
detection signal 1s at “0”.

The pulse driving signal polarity setting unit 23 sets the
polarity of the output (the pulse driving signal) of the pulse
driving signal generating umt 22 based on the level of a
signal supplied from the FPR terminal. In the example
shown 1n FIG. 8, an Ex-OR element 1s emplovyed as the pulse
driving signal polanty setting unit 23.

Here, the Ex-OR element outputs a pulse driving signal 1n
response to the switching property of the switching element
50 (the P-channel MOS-type FET) by an exclusive logic
sum of the output of the pulse driving signal generating unit
22 (the pulse dniving signal) and the signal level “17
supplied from the FPR terminal, to the switching element 50
through the FPCON terminal. Therefore, when the level of
the abnormal-state detection signal 1s at “0”, the exclusive
logic sum, “1” of the level “0” of the pulse driving signal and
the signal level, “1” supplied from the FPR terminal 1s
inputted 1nto the gate terminal of the switching element 50
(the P-channel MOS-type FE'T 1n the figure) and the switch-

ing element 50 1s set 1n an off state.

In this manner, the VPD driving circuit 20 terminates the
pulse-driving of the filament 11 as its process for abnormal-
state detection when the level of the filament pulse voltage
1s fixed by short-circuiting of the filament 11 or 1ts wiring.
Here, such a process for abnormal-state detection can be
executed immediately 1n the VFD driving circuit 20 because
no process by the external controller 40 intervenes as
conventionally. That 1s, the VFD driving circuit 20 can
execute immediately the process for abnormal-state detec-
tion, therefore, the progress ol damage or i1gnition of the
filament can be suppressed. Furthermore, the reliability of
the VFD 10, especially, the reliability of the filament 11 of
the VFD 10 can be improved. In the embodiment described
above, the filament pulse controlling unit 212 may set the
level of the pulse driving signal for pulse-driving the fila-
ment 11 at a high-impedance state when 1t 1s detected that
the filament pulse voltage 1s fixed. In this case, for example,
an element having a tri-state output may be connected on the
output side of the pulse driving signal polarity setting unit 23
and the output of the element having the tri-state output may
be set at the high-impedance state.

Furthermore, 1n the embodiment described above, an
abnormal-state detecting tlag ANF (for example, “1” for the
normal state and “0” for an abnormal state) for notifying that
the level of the filament pulse voltage 1s fixed based on the
abnormal-state detection signal as the output of the abnor-
mal-state detecting unit 213 may be outputted to the external
controller 40 through the DO terminal. The VFD drniving
circuit 20 can improve 1ts observability on the process for
abnormal-state detection for the filament pulse voltage by
outputting the abnormal detecting tlag ANF to the external
controller 40.

Yet furthermore, 1n the embodiment described above, the
switching element 50 may be provided to various applica-
tion circuits using the VFD driving circuit 20 (for example,
a vacuum fluorescent display module). Preferably, the VFD
driving circuit 20 may be a semiconductor integrated circuit
and the switching element 50 may be connectable externally.
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Otherwise, the circuit 20 may be a semiconductor integrated
circuit embedded with the switching element 50 that is
integrated.

What 1s claimed 1s:

1. A driving circuit for a vacuum fluorescent display, 5
comprising;

a counting unit configured to count the number of fixed-
width pulses per predetermined time period of a pulse
voltage for pulse-driving a filament of the vacuum
fluorescent display; and 10

a detecting unit configured to output a detection signal
indicating that the level of the pulse voltage 1s fixed,
when detecting that the number of pulses per predeter-
mined time period, counted by the counting unit, 1s
equal to or 1s less than the number of a reference pulse 15
number.

2. The dniving circuit for a vacuum fluorescent display
according to claim 1, wherein based on the detection signal,
the driving circuit for a vacuum fluorescent display outputs,

a signal for notifying that the level of the pulse voltage 1s 20
fixed.

3. A driving circuit for a vacuum fluorescent display,
comprising;

a counting unit configured to count a time period for
which the level of a DC voltage produced by integrat- 25
ing a pulse voltage for pulse-driving a filament of the
vacuum fluorescent display, shifts to the level indicat-
ing that the level of the pulse voltage 1s fixed, the pulse
voltage for pulse-driving the filament comprising, 1n a
normal state, fixed-width pulses; and 30

a detecting unit configured to output a detection signal
indicating that the level of the pulse voltage 1s fixed,
when detecting that the time period counted by the
counting unit 1s equal to or longer than a predetermined
time period. 35

4. A driving circuit for a vacuum fluorescent display,
comprising;

a detecting unit configured to detect that the level of a
pulse voltage for pulse-driving a filament of the
vacuum fluorescent display 1s fixed, and to output a 40
detection signal indicative of the result of the detection,
the detecting unit further comprising:

a pulse detecting unit configured to detect that the level
of the pulse voltage 1s fixed, based on the number of
pulses per predetermined time period of the pulse 45
voltage,

a level detecting unit configured to detect that the level
of the pulse voltage 1s fixed, based on the level of a
DC voltage produced by integrating the pulse volt-
age, and 50

a selecting unit configured to select the output of the
pulse detecting unit or the output of the level detect-
ing unit.

5. The driving circuit for a vacuum fluorescent display
according to claim 4, wherein the selecting unit selects the 55
output of the pulse detecting unit or the output of the level
detecting unit, based on data for selecting the output of the
pulse detecting unit or the output of the level detecting unat.

6. The driving circuit for a vacuum fluorescent display
according to claim 1, wherein the drniving circuit for a 60
vacuum fluorescent display 1s a semiconductor integrated
circuit further comprising;:

a filament pulse controlling unit configured to output a

pulse-driving signal for pulse-driving the filament; and

a terminal to which a switching element for generating the 65
pulse voltage based on the pulse-driving signal, 1s
operable to be externally connected.
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7. The drniving circuit for a vacuum fluorescent display
according to claim 1, further comprising;

a filament pulse controlling unit configured to output a

pulse-driving signal for pulse-driving the filament; and

a switching eclement for generating the pulse voltage
based on the pulse-driving signal.

8. The driving circuit for a vacuum fluorescent display
according to claim 1, wherein the dniving circuit for a
vacuum fluorescent display 1s a semiconductor integrated
circuit, further comprising:

a filament pulse controlling unit configured to output a

pulse-driving signal for pulse-driving the filament; and

a switching element for generating the pulse voltage
based on the pulse-driving signal.

9. The dniving circuit for a vacuum fluorescent display
according to claim 3, further comprising an integrating
circuit for mtegrating the pulse voltage so as to produce the
DC voltage.

10. The driving circuit for a vacuum fluorescent display
according to claim 3, wherein the dniving circuit for a
vacuum fluorescent display 1s a semiconductor integrated
circuit, further comprising a terminal to which an integrating
circuit for integrating the pulse voltage so as to produce the
DC voltage, 1s operable to be connected.

11. A drniving circuit for a vacuum fluorescent display,
comprising:

a filament driving umt configured to pulse-drive a fila-
ment of the vacuum fluorescent display with a pulse
voltage;

a grid driving unit configured to drive a grid electrode of
the vacuum fluorescent display;

a segment driving unit configured to drive a segment
clectrode of the vacuum fluorescent display;

a detecting unit configured to output a detection signal
indicating that the level of the pulse voltage 1s fixed,
when detecting that the level of the pulse voltage 1s
fixed, based on the number of fixed-width pulses per
predetermined time period of the pulse voltage or on a
DC voltage produced by integrating the pulse voltage;
and

a control umt configured to control the filament driving
unit, the grid driving unit, and the segment driving unat,
in order to terminate the driving of at least one of the
filament, the grid electrode, and the segment electrode,
based on the detection signal.

12. The driving circuit for a vacuum fluorescent display
according to claim 11, wherein based on the detection signal,
the control unit controls the filament driving unit, the gnid
driving unit, and the segment driving unit, such that at least
one of the pulse voltage for driving the filament, the voltage
for driving the grid electrode, and the voltage for driving the
segment electrode, 1s at the level for terminating the driving
of the filament, the grid electrode, and the segment elec-
trode.

13. The dniving circuit for a vacuum fluorescent display
according to claim 11, wherein the control unit puts at least
one output of the outputs of the filament driving unit, the
orid driving unit, and the segment driving unit 1n a high-
impedance status, based on the detection signal.

14. The driving circuit for a vacuum fluorescent display
according to claim 11, wheremn the driving circuit for a
vacuum fluorescent display outputs a signal for notifying
that the level of the pulse voltage 1s fixed, based on the
detection signal.

15. The driving circuit for a vacuum fluorescent display
according to claim 11, wherein the driving circuit for a
vacuum fluorescent display 1s a semiconductor integrated
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circuit, further comprising a terminal to which a switching
clement for generating the pulse voltage based on the output
of the filament driving unit, 1s operable to be connected.

16. The driving circuit for a vacuum fluorescent display

18

a terminal to which a switching element for generating the
pulse voltage based on the pulse-driving signal, is
operable lobe externally connected.

19. The dniving circuit for a vacuum fluorescent display

according to claim 11, further comprising a switching ele- 5 according to claim 3, further comprising:

ment for generating the pulse voltage based on the output of
the filament driving unit.

17. The driving circuit for a vacuum fluorescent display
according to claim 3, wherein, based on the detection signal,
the driving circuit for a vacuum fluorescent display outputs

a signal for notifying that the level of the pulse voltage 1s
fixed.

18. The driving circuit for a vacuum ftluorescent display
according to claim 3, wherein the driving circuit for a
vacuum fluorescent display 1s a semiconductor integrated
circuit, further comprising:

a filament pulse controlling unit configured to output a

pulse-driving signal for pulse-driving the filament; and

10
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a filament pulse controlling unit configured to output a

pulse-driving signal for pulse-driving the filament; and

a switching element for generating the pulse voltage

based on the pulse-driving signal.

20. The drniving circuit for a vacuum fluorescent display
according to claim 3, wherein the dniving circuit for a
vacuum fluorescent display 1s a semiconductor integrated
circuit, further comprising:

a filament pulse controlling unit configured to output a

pulse-driving signal for pulse-driving the filament; and

a switching element for generating the pulse voltage

based on the pulse-driving signal.

G o e = x
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